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Abstract
The genetic diversity of norovirus strains obtained from gastro-
enteritis outbreaks, sporadic case surveillance and wastewater
plants was compared in Luxembourg from October 2008 until
June 2009. Except for GI.6 and GIV.1 strains detected exclu-
sively in wastewater, all other genotypes were also found in
human samples. Of the nine NoV genotypes detected, only
three (GII.4, GIIb/II.3 and GIIc/II.12) were associated with institu-
tional outbreaks. The majority of sequences from all sources
belonged to genotype GII.4, including two potentially new sub-
variants. Strains collected in the context of outbreaks may signif-
icantly under-represent the overall genetic diversity of NoVs
circulating in a country.
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Infections with noroviruses (NoV) are recognized as the
leading cause of epidemics of gastroenteritis in developed
countries and an important cause of sporadic gastroenteritis
in both children and adults [1].
NoVs are classiﬁed into ﬁve distinct genogroups (GGI to
GGV), which are further subdivided into different genotypes
[2,3]. Only genotypes GI, GII and GIV have been identiﬁed in
humans and different variants of GII.4 have been predomi-
nant at least during the last decade [4–6].
Our study aimed to investigate the genetic diversity of
NoVs causing institutional outbreaks and sporadic infections
in humans, as well as NoVs recovered from wastewater
treatment plants from October 2008 until June 2009 in Lux-
embourg.
Enhanced surveillance was conducted to monitor the
occurrence of sporadic and institutional human cases of NoV
infection. Patients presenting with acute gastroenteritis to
their general practitioner (GP) were considered as sporadic
cases. Institutional surveillance was conducted in six day-care
centres (DCC) for babies and children and in seven nursing
homes (NH) instructed to start stool sampling if three or
more gastroenteritis cases occurred during a single week.
Additional samples were received from geriatric units (GE)
of hospitals experiencing outbreaks. Stool sampling was per-
formed after written patient/carer consent or medical pre-
scription. Institutional samples were collected using paper
stool collection aid devices (Medauxil, Bad Gandersheim,
Germany) and faecal sample tubes (Sarstedt, Nu¨mbrecht,
Germany). The study was approved by the national ethics
committee for human research.
Human stool samples were homogenized, clariﬁed by cen-
trifugation and RNA was extracted from the supernatant
using the NucliSENS easyMAG (bioMe´rieux, Brussels,
Belgium) according to the manufacturer’s instructions.
Norovirus GI/GII RNA was detected using either the FTD
Gastroenteritis Multiplex PCR kit (Fast-Track Diagnostics,
Junglinster, Luxembourg) or two in-house one-step RT-PCR
assays with internal controls, based on published primers [7].
Following reverse transcription with Superscript III reverse-
transcriptase (Invitrogen, Belgium), genotypes were deter-
mined by amplifying region A of the POL gene and region C
of the VP1 gene using semi-nested PCRs with previously
published primers [8,9].
Wastewater samples were collected from three wastewa-
ter treatment plants covering >20% of households from Lux-
embourg. Sample preparation, RNA extraction and norovirus
GI/GII detection was performed as described previously [10].
Puriﬁed PCR products were cloned into a plasmid using the
Qiagen PCR Cloning kit (Qiagen, Hilden, Germany). Isolated
white colonies were tested by PCR using plasmid speciﬁc
primers.
A total of 717 stool samples obtained from 647 different
patients were tested for NoVs (Table 1). Nine (1.3%) and
225 (31.4%) samples tested positive for NoV GI and GII,
respectively. Region A and/or Region C sequences were suc-
cessfully determined from 162 samples out of 234 tested
positive for NoV GI or GII (Table 1). All sequences are avail-
able in Genbank under accession numbers FN827087–
FN827159. Most strains were classiﬁed as GII.4 (n = 121,
74.7%) (Fig. 1). Remaining strains were attributed to geno-
types GII.b, GII.c, GII.2 or GI.2 using region A (Fig. 1a), and
GII.3, GII.12, GII.6, GII.2 or GII.14 using region C (Fig. 1b).
Strains identiﬁed as GII.b or GII.c in region A all clustered
with GII.3 or GII.12, respectively, in region C whenever both
sequences were available. GI.2 was identiﬁed in a sample
using region A only, whereas GII.6 and GII.14 were identiﬁed
using region C only.
Most GII.4 strains belonged to the Den Haag lineage [6],
which was associated with eight of ten (80%) GII.4 institu-
tional outbreaks (Fig. 1b). GII.4 strains obtained from the out-
breaks in NH-H and DCC-A formed a separate cluster and
included a few strains from sporadic cases. Very similar
sequences have recently been identiﬁed in the Netherlands,
Japan, Germany and France (Fig. 1b) and a new lineage ‘GII.4
2008’ has been proposed [11]. Another GII.4 strain (Hu/Lux-
embourg128-508/2009/LU) identical to a recently identiﬁed
TABLE 1. NoV detection and genotyping in stool samples from humans (October 2008 to June 2009)
Epidemiological context
Samples
(patients)
GI pos
(%)a
GII pos
(%)a
Genotyped
GI (%)b
Genotyped
GII (%)b
Nursing homes and geriatric units 104 (97) 0 (0.0) 84 (80.8) 0 (0.0) 71 (84.5)
Day-care centres for babies and children 39 (37) 0 (0.0) 21 (53.8) 0 (0.0) 17 (81.0)
Sporadic cases 574 (513) 9 (1.6) 120 (11.8) 1 (11.1)c 73 (60.8)c
Total 717 (647) 9 (1.3) 225 (31.4) 1 (11.1) 161 (75.6)
aGI positive and GII positive percentages are calculated using the number of samples per context as denominator.
bIncludes all samples for which at least one of the two regions A or C was sequenced; percentages were calculated using the number of NoV GI or GII positive samples as
denominator.
cOne out of nine GI positive RNAs and 92 out of 120 GII positive RNAs from sporadic cases were available for genotyping.
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strain in France [11] did not cluster with any of the previously
established sub-lineages of GII.4 (Fig. 1b), and may thus also
represent a new sub-lineage. The remaining GII.4 strains clus-
tered with the Osaka 2006a lineage of GII.4 (Fig. 1).
With one exception, each institutional outbreak was asso-
ciated with a distinct NoV C region sequence. Most
sequences within an outbreak were identical, or showed sin-
gle silent point mutations (Fig. 1). Two different genotypes
were detected from outbreaks in DCC-A (GII.12 and GII.4)
and NH-F (GII.3 and GII.4) (Fig. 1).
Seven different genotypes (GII.2, GII.4, GIIb, GIIc, GIV, GI.2
and GI.6) including 171 region A sequence variants were found
among 393 sequenced clones from wastewater samples
(Fig. 1a). Though NoV diversity in wastewater may be under-
estimated (Skraber S. et al., unpublished data), 14 (40.0%) out
of 35 region A sequence variants from humans were identiﬁed
in wastewater and most of them (66%) belonged to GII.4,
reﬂecting the high incidence of this genotype in humans.
Except for a few GI and GIV variants, identical or highly similar
sequences of all other genotypes identiﬁed in the wastewater
(a) (b)
FIG. 1. Phylogenetic trees based on 285-nucleotide fragments (region A) of the polymerase gene (a) or 282-nucleotide fragments (region C) of
the capsid gene (b). Phylogenetic trees were drawn using the neighbour-joining method (Kimura-2 parameters) and validated by 1000 bootstraps
using MEGA4 [12]. Bootstrap values are only shown on the important nodes. Sequences obtained from outbreaks (m) or the environment (n)
are highlighted and the institutions where outbreaks occurred are given behind the strain names. Reference strains of the different NoV geno-
types are in bold and capital letters. Strains from other studies included in the tree are in italic. Only the environmental NoV sequences that
were identical to a region A sequence identiﬁed in humans and/or were found in at least two different places or at two different time points in
the same wastewater treatment plant were included in the phylogenetic tree of (a). Naming of the genotypes using region A was based on the
quick typing tool available at http://www.rivm.nl/mpf/norovirus/typingtool, and genotyping of region C was based on the nomenclature proposed
by Zheng et al. [3].
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were also found in humans (Fig. 1a). On the other hand, geno-
types GII.12, GII.3, GII.6 and GII.14 were not identiﬁed in the
environment, but only in humans. The remaining genotypes
were observed infrequently and GII.6 strains were sufﬁciently
distinct to preclude any epidemiological link (Fig. 1b).
Except for GGIV and GI.6 all genotypes identiﬁed in the
environment were also detected in humans. Failure to detect
GIV in humans could be explained by the fact that initial lab-
oratory diagnosis of NoVs in humans only included primers
for NoV GI and GII detection. The absence of genotypes
GII.6 and GII.14 in wastewater is probably due to their
lower prevalence in the population.
Interestingly, the diversity of NoV GGII strains in our
study was higher than in a contemporary French study [11]
based on outbreak surveillance, despite Luxembourg’s much
smaller population and shorter study duration. All six geno-
types and GII.4 sub-lineages detected in 245 NoV GGII asso-
ciated outbreaks in France were also found in our study.
Furthermore, genotypes GII.c/GII.12 and GII.14 were found
in the present study but not in the French one. This high-
lights the usefulness of sample collection in wastewater
plants and sporadic cases in obtaining a more complete pic-
ture of overall NoV circulation.
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Abstract
A human outbreak of West Nile virus (WNV) infections
occurred in 2010 in central Macedonia, northern Greece. Most
cases were observed close to four rivers forming a large Delta,
a major Mediterranean wetland. WNV lineage 2 sequences were
obtained from two pools of Culex pipiens mosquitoes trapped in
sites where encephalitis cases occurred a few days before the
trapping. The Greek strain showed the highest homology to
Hungarian and South African strains, differing from the Russian
WNV lineage 2 strain, which suggests that at least two lineage 2
strains have been introduced and established in Europe, causing
severe disease to humans.
Keywords: Greece, lineage 2, mosquito, outbreak, West Nile
virus
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